Introduction
Most of the natural dyes are non-substantive and must be applied on textiles by the help of mordants, usually a metallic salt, having an affinity for both the coloring matter and the fiber. Transition metal ions usually have strong coordinating power and capable of forming week to medium attraction/interaction forces and thus can act as bridging material to create substantivity of natural dyes/colorants when a textile material being impregnated with such metallic salt (i.e. mordant) is subjected to dyeing with different natural dyes, usually having some mordantable groups facilitating fixation of such colorants. These metallic mordants after combining with dye in the fiber, it forms an insoluble precipitate or lake and thus both the dye and mordant get fixed to become wash fast to a reasonable level [1] .
Natural dyes are less toxic, biodegradable, and anti-allergic than synthetic dyes, and considered environmentally friendly. The global demand for natural dyes per year is 10,000 tonnes which is equal to 1% of the total world synthetic dyes consumption [2] [3] . Natural dyes are known for their use in dyeing of food substrate, leather, wood as well as natural fibers like wool, silk, cotton and flax as major areas of application since ancient times. Although this ancient art of dyeing with natural dyes withstood the ravages of time, a rapid decline in natural dyeing continued due to the easy availability of synthetic dyes at an economical price. However, even after a century, the use of natural dyes never erodes completely and they are still being used in textile industry and functional textile application. Thus, natural dyeing of different textiles and leathers has been continued mainly in the decentralized sector for specialty products along with the use of synthetic dyes in the large scale sector for general textiles owing to the specific advantages and limitations of both natural dyes and synthetic dyes. The use of non-toxic and ecofriendly natural dyes on textiles has become a matter of significant importance because of the increased environmental awareness in order to avoid some hazardous synthetic dyes. The production of synthetic dyes is dependent on petrochemical source, and some of these dyes contain carcinogenic amines [4] . The application of such dyes causes serious health hazards and influences negatively the eco-balance of nature. Moreover, many countries already imposed stringent environment standards over these dyes. For instance, Germany has banned the Azo dyes production [5] . However, worldwide the use of
R E T R A C T E D Journal of Textile Science and Technology
natural dyes for the coloration of textiles has mainly been confined to craftsman, small scale dyers and printers as well as small scale exporters and producers dealing with high valued ecofriendly textile production and sales and production of functional textiles [6] . Natural dyes have a wide range of shades which can be obtained from various parts of plants, like roots, bark, leaves, flowers and fruits [7] . It is reported in the literature that some of the natural dyes not only dye with elegant colors, but also provide antibacterial, deodorizing, and Ultraviolet (UV) protection functions to textile substrates. It is also reported that some natural dyes not only dye with unique and elegant colors, but also provide antimicrobial, deodorizing and Ultraviolet (UV) protective functions to fabrics. At the present time, the use of natural dyes in textile application is witnessing very rapid growth. This is mainly attributed to strict environmental standards set by many countries to avoid the health hazards associated with synthetic dyes used in textiles. The recent ban on the use of Azo dyes by the European Union has also increased the scope for the use of natural dyes. Eucalyptus is one of the most important sources of natural dye that gives yellowish-brown colorants. The coloring substance of eucalyptus has ample natural tannins and polyphenols, varying from 10% to 12%. The major coloring component of eucalyptus bark is quercetin tin, which is also an antioxidant. It is used as a food dye with high antioxidant properties. Eucalyptus leaves contain up to 11% of the major component, as well as tannin (gallic acid and ellagic acid) and flavonoids (quercetin, rutin etc.) as minor substances. Tannins and flavonoids are considered to be very useful substances during the dyeing process because of their ability to fix dyes within fabrics [7] .
Silk
It can be obtained from the cocoons of several types of caterpillar or silkworm, but it is the Chinese silk moth (mulberry silkworm Bombyx mori) reared in captivity that is now mainly cultivated. Natural silk is one of the strongest textile fibres, and this can be accounted for by the stretched-out molecular form. Silk (78% protein) is much stiffer than wool in spite of both being proteins made from amino acids chains. Silk fibres have fine draping qualities and are naturally crease-resistant and bring about a warm feel to the skin. Silk emitted by the silkworm consists of two main proteins, sericin and fibroin, fibroin being the structural center of the silk, and serecin being the sticky material surrounding it.
Fibroin is largely made up of the amino acids Gly-Ser-Gly-Ala-Gly-Ala and forms beta pleated sheets, β-keratin given in Figure 1 for silk fibroin composition.
Hydrogen bonds form between chains, and side chains form above and below the plane of the hydrogen bond network.
Silk is one of the strongest natural fibers but loses up to 20% of its strength when wet. It has a good moisture regain of 11%. Its elasticity is moderate to poor: if elongated even a small amount, it remains stretched. It can be weakened 
Extraction of Dyes
The dye extraction was achieved by tallow solutions and 6% NaOH solution in purified water in the weight ratio of 1:20 and steaming for 1.5 hr. After that, the consequential solution was filtered to remove the residue and the dye solution.
To achieve a standard standardization curve, the crude dye extract was later ground and diluted with purified water. Temperature, dyeing time, pH and dye concentration are the four different dyeing conditions were taken.
( ) 
Dyeing Procedures
To consider the effect of dyeing temperature, silk fabrics were dyed at four changed temperatures, i.e. 60˚C, 70˚C, 80˚C, 90˚C using diluted solution of extract. The extract was diluted with water, extract to water ratio of 50:50. The liquor to goods ratio of 1:20, and pH = 4, time 60 min. The pH was maintained by using CH 3 COOH and pH meter. To consider the effect of dyeing time, silk fabrics were dyed in four changed time intervals (40, 50, 60, 70, min) at 90˚C temperature, using the ratio of liquor 1:25 at pH = 4. The extract to water ratio of 50:50 was used. To consider the result of dyeing liquor ratio, at four different liquor ratios silk fabric was with the tallow plant extract dye solution in dye bath as 1:15, 1:20, 1:25, 1:30, at 90˚C and pH = 4, for 60 min. To consider the influence of dyeing pH, silk fabric was dyed with the tallow extract dye solution in dye bath at five different pH values of 5, 6, 7, 8 , and 9 at a liquor ratio of 1:25, at 90˚C for 60 min.
Mordanting
To consider the consequence of mordanting, three altered mordanting procedures were used, i.e. pre-mordanting, simultaneous mordanting, and post-mordanting.
Zinc sulfate mordants were employed. In instance of pre-mordanting method, silk fabric was impregnated in a 35 g L −1 of mordanting key at a liquid ratio of 1:20, at 60˚C for 20 min before dying. For the post-mordanting procedure, the dyed illustrations were cooled washed after dyeing with cold water, and soaped with 5 g L −1 detergent (Alconox) for 10 min at 70˚C at liquor ratio of 1:20, and finally bathed with cold water and dried in oven.
Fastness Testing
Light fastness was tested according to ISO 105-B02: 1994. Rubbing fastness was tested according to AATCC test Method 8-2005. Wash fatness was carried out according to ISO 105 C06. The samples were washed at standard solution at 60˚C for 30 min and dried at 60˚C to check the wash fastness [5] .
Ultraviolet Protection Test (UPF)
The fabric samples were then conditioned and tested for their UPF on Spectronic Camspec M550 double beam scanning spectrophotometer with integrated sphere according to AATCC 183 standard testing method. The spectrophotometer was known to have photometric range of 0% -200% transmittance and photometric accuracy greater than 0.5% at 0.5A, 1A and 2A. This test method allows determining the UPF of a fabric by taking the ratio of irradiance (at a detector) of erythmally weighted UV without a specimen and with specimen.
Moreover, it determines the percent bloking in UV-A and UV-B region using Equations ( (1) and (2)). ( )
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where A and B are the surviving bacterial cells (CFU/ml) for the flasks containing the control (blank silk fabric) and test samples (natural dye treated silk fabric), respectively.
Results and Discussion

Tallow Extracts Analysis: Absorbance Spectrum
UV radiations depends on the absorb ability of plant. The absorption percentage is maximum at wavelength of 200 -220 nm and goes down to 0 as the wavelength increases. Given below the spectrum of wavelength vs absorption in Figure 2 .
FTIR Analysis
The IR spectrum of tallow plant leaf extract is shown in Figure 3 . The possible functional groups present in tallow leaf extract are presented in Table 1 .
Silk Testing
Silk Fabric K/S and Fixation Values
The K/S values show significant increase with decrease in pH values. Fixation% age is minimum at neutral pH and increases as the pH goes down neutral. The fibers having amide or amine groups will be dyed in deep shades at pH values below neutral and will give more K/S values. The case for fixation percentage is
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similar with pH as more the dyes attraction towards the fiber more will be fixation percentage and vice versa. The change in K/S after soaping off and dyeing, and the fixation% are given in the Table 2 .
The K/S values show increase with increase in dyeing temperature from 60˚C
-100˚C because at high temperature near to boiling the more dyes will enter the amorphous regions of the fiber. High temperature helps in the swelling of fibers and decreases the crystallinity of fibers. The less the crystallinity the more will be dye penetration and hence more K/S values. The more dye entered to amorphous regions the more will be its fixation percentage and vice versa. The change in Figure 2 . Absorbance spectrum. K/S after soaping off and dyeing, and the fixation% are given in the Table 3 . The change in K/S after soaping off and dyeing, and the fixation% are given in the Table 6 .
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Meta-mordanting or simultaneous mordanting method was found to give deeper and darker shades. The post-mordanting gives very light golden colors while pre-mordanting gives deeper shades than post-mordanting. Table 9 . Effect of liquor to goods ratio on CIE L* a* b* and C* H*. shows the light shade. The CIE measurement values are given in Table 11 .
Silk Fabric CIE L* a* b* and C* H* Values
Silk UPF Test Results
1) Effect of dyeing time
From the results obtained it was found that fabric samples treated with camphor plant leaf extracts show excellent UV-blocking capabilities. Even at very low-application time, the treated fabrics showed tremendous UV-blocking properties. The UPF at dyeing time DT = 20 is considerably poor but as the dyeing time increases the UPF increase tremendously giving its maximum value at DT = 60. The UV blocking properties of extracts could be attributed to presence of flavonoids and phenolic contents in it. Both these groups of compounds have been found to shield the plant tissues from damaging UV radiation during their growth. This is because of strong absorbance of UV radiations (particularly UVB radiations) by these compounds. The undyed samples show very little resistance to UVR in the range of UVA and UVB. The UVB resistance of undyed sample is satisfactory but the resistance to UVA is very low. The dyed samples shows tremendous increase in blocking UVA to excellent extent and UVB is improved from satisfactory to excellent. The UPF, UVA, and UVB values are given in Table 12 . 
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2) Effect of liquor ratio
Although the UPF at liquor ratio of 1:10, and 1:15 was observed to be moderate but as the liquor ratio is increased from 1:15 to 1:20 and so on, The UPF results are much higher than that provided by commonly used synthetic UV protective agents. So, Camphor plant leaf extracts may be used to get excellent UV protection from fabrics. The undyed samples show very little resistance to UVR in the range of UVA and UVB. The UVB resistance of undyed sample is satisfactory but the resistance to UVA is very low. The dyed samples shows tremendous increase in blocking UVA to excellent extent and UVB is improved from satisfactory to excellent. The UPF, UVA, and UVB are given in Table 13 . Table 14 shows that increase in the dye liquor causes increase in the ability of the fabric to inhibit bacteria. Escherichia coli, Staphylococcus aureus, and Candida albicans are successfully reduced by camphor tree leaf extract dyes. The undyed sample can easily be decomposed by these bacteria in very short time.
Antimicrobial Test Results for Silk Fabric
The dyed samples show tremendous performance against these bacteria. In the test against E. coli, S. aureus, and C albicans in AATCC bacteriostasis broth, Table 2 . It was attributed by some researchers that bacterial inhibition is due to the slow release of active substances from the fabric surface. The fabric dyed with camphor plant leaf extract shows excellent reduction in bacteria may be attributed to the presence of cineol, linalool, eugenol, limonene, safrole, α-pinene, β-pinene, β-myrecene, α-humulene, p-cymene, nerolidol, borneol, and camphene found in its leaves.
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The antibacterial reduction percentage for bacteria is given in the Table 14 .
Colorfastness Tests Results
The colorfastness values are given in the Table 15 . For change in pH, the wash fastness is excellent, light fastness is fair to good for 6 hours testing, wet rubbing fastness is good to excellent, and dry rubbing fastness is excellent. The overall color fastness is found to be very good.
For change in temperature, the wash fastness is excellent, light fastness is fair to good for 6 hours testing, wet rubbing fastness is good to excellent, and dry rubbing fastness is excellent. The overall color fastness is found to be very good. 
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For change in liquor ratio, the wash fastness is excellent, light fastness is fair to good for 6 hours testing, wet rubbing fastness is good to excellent, and dry rubbing fastness is excellent. The overall color fastness is found to be very good. Table 17 shows The Effect of Dye liquor ratio on Colorfastness values.
For change in dyeing time, the wash fastness is excellent, light fastness is fair to good for 6 hours testing, wet rubbing fastness is good to excellent, and dry rubbing fastness is excellent. The overall color fastness is found to be very good. Table 18 shows The Effect of Dyeing time on colorfastness values.
For change in mordanting, the wash fastness is excellent, light fastness is fair to good for 6 hours testing, wet rubbing fastness is good to excellent, and dry rubbing fastness is excellent. The overall color fastness is found to be very good.
Iron sulfate shows lowest results for color fastness. Table 19 shows The Effect of 
Scanning Electron Microscopy Analysis of Dyed Silk
The scanning electron microscope SEM shows that undyed silk fibre shows very little amount of impurities attached to it. The dyed silk fabric using different mordanting technique shows different behavior. White particles attached to the silk fiber definitely come from the dyeing liquor. These particles are expected to contribute to ultraviolet protection and antimicrobial performance of the fabric.
Conclusion
Tallow tree dry leaves extract dyed silk fabric displayed worthy to exceptional color fastness to crocking and reasonable to virtuous light fastness. However, the overall wash fastness was rated good. UV-blocking properties of silk fabrics treated with extracts from the tallow plant were considered in this work. Extracts showed excellent UVA and UVB blocking when applied on silk fabrics. The complexity of dye molecules hinders intimate understanding of the binding mechanism between dye and substrate or the precise role of the mordant in fixing the dye. Hence there is ongoing research in this area in terms of determining the optimum amount of mordant required and developing a theory that explains the precise role of the mordant. Finally, it is clear that this dyestuff can be used in exchange of reactive dyes.
